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The first occurrence of the Mediterranean fissiparous asteroid Sclerasterias richardi (Perrier 
in Milne-Edwards 1882) is reported from the Azores based upon dredged material off the 
south coast of São Miguel Island at 135 m depth. This record represents a considerable 
expansion of the species’ geographic range, otherwise reported with certainty only from the 
Mediterranean Sea. S. richardi is capable of producing long-lived planktotrophic larvae with 
high dispersal potential to reach remote areas such as the Azores. Alternatively, this species is 
also capable of reproducing asexually through fission, which could insure the maintenance of 
viable numbers in a stranded population. The presence of S. richardi in Azorean waters and its 
rarity in an otherwise thoroughly investigated area does not necessarily imply a recent arrival 
nor a human-mediated introduction, as the depths in consideration (80-700 m) are also the 
least studied in the archipelago.  
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INTRODUCTION        
Asexual reproduction through fission is a rare 
phenomenon among sea stars, documented only 
in 21 (Mladenov 1996) of the 1,900 species 
known worldwide (Mah & Blake 2012). 
Coscinasterias tenuispina was the only 
fissiparous asteroid previously known to occur in 
the Azores (Pereira 1997), a volcanic archipelago 
located in the NE-Atlantic, half way between the 
North American and European shores. In this 
study, we document a second species, 
Sclerasterias richardi, a small asteroid (30 mm 
maximum documented diameter) known 
primarily from the Mediterranean Sea (Figure 1), 
where it lives between 80-710 m on a variety of 
substrates from sandy, detritic to hard bottoms 
(Marenzeller 1895; Pruvot 1897; Baldelli 1914; 
Gallo 1933; Gautier-Michaz 1958; Santarelli 
1964; Tortonese 1965; Falconetti et al. 1976; 
Munar 1984; Borri et al. 1990; Mastrototaro & 
Mifsud 2008; Mifsud et al. 2009). 
    Sclerasterias richardi was first described as 
Asterias richardi based on animals collected by 
the R/V Travailleur in Corsican waters (France). 
Perrier (in Milne- Edwards, 1882) soon observed 
that this six-rayed asteroid was capable of self- 
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Fig. 1. Geographical distribution of Sclerasterias richardi in the Mediterranean Sea and NE Atlantic. The square 
indicates the type locality (Perrier 1882, in Milne-Edwards 1882), circles the historical records (Marenzeller 1893, 
1895; Perrier 1894; Ludwig 1897; Pruvot 1897; Baldelli 1914; Fisher 1928; Gallo 1933; Gautier-Michaz 1958; 
Santarelli 1964; Tortonese 1965; Falconetti et al. 1976, 1977; Febvre et al. 1981; Munar 1984; Borri et al. 1990; 
Mastrototaro & Mifsud 2008; Mifsud et al. 2009) and the star the new record from the Azores (DBUA–ECH 357).
 
division. In a later report, Perrier (1894) further 
completed his initial description and transferred 
this species to the genus Hydrasterias (family 
Pedicellasteridae Perrier, 1884). The author also 
included in the re-description of the type material 
two other specimens collected by the R/V 
Talisman off the Cape Verde Islands. Fisher 
(1925, 1928) argued that Perrier’s hexamerous 
forms were representatives of a young fissiparous 
stage of a pentamerous adult species, probably 
belonging to the genus Sclerasterias (family 
Asteriidae Gray, 1840), such as the much larger S. 
neglecta (Perrier, 1891) from the Bay of Biscay 
and the Mediterranean Sea. Tortonese (1965) 
agreed with Fisher’s generic assignment, but 
considered that further research was needed. 
    In their revision of the Asteroidea from the 
Atlantic, Downey (in Clark & Downey 1992) 
reignited Fisher’s concerns by pointing out that  
 
 
the original description of S. richardi was 
inaccurate and based upon immature specimens, 
thus it should be suppressed. She was  possibly 
unaware of the studies on the sexual reproduction 
of this species by Falconetti et al. (1976, 1977) 
and Febvre et al. (1981), which presented S. 
richardi as gonochoristic with a well-marked 
annual reproductive cycle, from mid-September 
to mid-October. More recently, Mastrototaro & 
Mifsud (2008) argued that the unequal number 
and size of the arms, the presence of multiple 
madreporites and the documented sexual 
reproduction suffice to prove that it is a valid 
species and not a juvenile of S. neglecta, a species 
only known from historical material 
(Mastrototaro & Mifsud 2008). The debate on the 
systematic position of this species is still far from 
being resolved. 
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MATERIAL AND METHODS 
During the 3rd International Workshop of 
Malacology and Marine Biology, three specimens 
of Sclerasterias richardi were collected by 
dredging, south of the marina of Vila Franca do 
Campo, São Miguel Island, Azores (37º41’42”N, 
25º25’22”W, 135 m depth, 17 July 2006) (Figure 
1). 
    The specimens were placed in 100% ethanol 
and included in the echinoderm collection from 
the Department of Biology of the University of 
the Azores (DBUA-ECH 357).  During our 
revision of this material, we noticed that the 
specimens had become completely desiccated and 
the arms were partially or totally detached from 
the disc.The terminology used for the 
morphological structures is adapted after Clark & 
Downey (1992). 
Abbreviations 
Rmax: major radius from centre of disc to tip of 
longest arm; r: minor radius from centre of the 
disc to interradial edge. 
 
 
 
Table 1. Size (Rmax, r) of the specimens from the 
Azores and corresponding arm length, number of arms 
and madreporites. 
 
Rmax 
(mm) 
r (mm) Arm 
length 
 (mm) 
Number 
of arms 
Number of  
madreporites 
6 1.1 3-5 6 2+? 
5 0.95 2.5-4 6 2 
5 0.96 4 3 2 
 
RESULTS 
Systematics 
Class ASTEROIDEA de Blainville, 1830 
Order Forcipulatida Perrier, 1884 
 
 
Family Asteriidae Gray, 1840 
Genus ?Sclerasterias Perrier, 1891 
Sclerasterias richardi (Perrier, in Milne-Edwards, 
1882) (Fig. 2).
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Fig. 2. Sclerasterias richardi (Perrier, in Milne-Edwards, 1882) (DBUA–ECH 357). a) aboral view; b) oral view; 
c) lateral view; d) detail of the oral region; e) oral view of the arm; f) S-shaped madreporite. All white scale bars 
are 1 mm
 
Description of the specimens: Two animals with 
six arms of unequal size, three larger and three 
smaller; one specimen with three arms of similar 
dimensions to the larger arms of the six-rayed 
specimens (Table 1). Arms broad, pentagonal in 
cross-section, narrowing gradually into a round 
arm tip wholly covered by the terminal plate. 
Arms weakly attached to the disc.  
    Reticular plating on the arms arranged in fairly 
regular longitudinal plate series (carinal, 
dorsolateral, superomarginal, inferomarginal, 
adambulacral); arm plates have a round four-
lobbed shape with the lateral arms extending 
towards the corresponding lobe of the adjacent 
plates series with exception of the small bridge-
like dorsolateral plates that serve as an 
intermediary link between superomarginal and 
carinal plates. Papulae occupying the interstices 
between plates, forming two longitudinal rows on  
each side of the arm: one between the carinal and 
the superomarginal plates and one between the 
superomarginal and the inferomarginal plates; 
oral papillae absent. Arm spines forming fairly 
regular longitudinal series. Carinal plates carrying 
up to three short and round spines bearing small 
spinelets at their tips. Dorsolateral plates also 
bearing one small spine proximally but naked 
distally. Superomarginal plates armed with two 
spines similar in size and shape to the carinal and 
dorsolateral ones. Spine number and size 
gradually reduced to one small spine near the arm 
tip in both carinal and superomarginal plates.                   
Inferomarginal plates with one or two flattened, 
spatulate to clavate enlarged spines, arranged 
obliquely and slightly enlarged towards the tip. 
Adambulacral plates diplacanthid bearing two 
spines arranged obliquely with the internal 
slightly smaller than the external one. These 
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spines are slightly flattened and somewhat 
enlarged towards a round tip. All specimens with 
at least two madreporites (S-shaped) near the 
interradial edges; disc also densely covered with 
small spines, identical in size and shape to those 
found on the aboral surface of the arms. Spines of 
the oral armature arranged in pairs along the 
lateral sides of the mouth plates and of similar 
sizes and morphology to the adambulacral ones; 
adoral carina present. Numerous crossed 
pedicellariae almost as large as the aboral spines 
dispersed through the body surface, not forming a 
wreath around the spines; presence of a slightly 
enlarged unpaired tooth on the outer face of each 
valve of the crossed pedicellariae. Straight 
pedicellariae felipedal, slightly larger than the 
crossed-pedicellariae and restricted to the 
interradial area. Valves terminated at their upper 
extremity by a large recurved tooth. Tube feet 
biserial (quadraserial at the base of larger arms). 
DISCUSSION 
In spite of the poor state of preservation of the 
animals, their identification was possible since 
agreeing for the most part with Perrier (in Milne-
Edwards 1882, 1894) as well as with the 
exhaustive descriptions by Ludwig (1897) and 
Marenzeller (1893). Our observations also agree 
with Falconnetti et al. (1976), particularly on the 
distribution of straight and crossed pedicellaria. 
In addition, our animals showed multiple 
madreporites, as documented by Mastrototaro & 
Mifsud (2008). 
    Fissiparous asteroid species can be identified 
by the following features: non-pentamerous 
symmetry, different (asymmetrical) arm sizes 
and/or more than a madreporite (Mladenov et al. 
1986). Among the known asteroid species from 
the Azores (Pereira 1997), S. richardi closely 
resembles the fissiparous Coscinasterias 
tenuispina, and animals belonging to the former 
species could be potentially overlooked and 
confused with juveniles of the latter species.                                                                                                                      
However, their habitats differ sensibly since C. 
tenuispina is a common inhabitant of much 
shallower waters of the archipelago (≤12 m). 
Both species can be quickly diagnosed under 
binocular microscope by the distribution of the 
crossed pedicellariae (in wreaths around the 
spines of C. tenuispina; dispersed through the 
body surface of Sclerasterias richardi) and 
number of adambulacral spines (one in C. 
tenuispina and two in S. richardi), even at size 
classes as small as 5 mm maximum radius. S. 
richardi is further distinguished from C. 
tenuispina by the aboral armament, i.e., in the 
Coscinasterias species it is represented by 
isolated spines, whereas in the genus 
Sclerasterias it can be decorated by multiple 
spines.  
    The diplacanthid condition of the adambulacral 
plates is characteristic Sclerasterias (as opposed 
to the monocanthid of Coscinasterias), but not the 
disperse distribution of crossed-pedicellaria on 
the surface of the body. In this genus, similar to 
Coscinasterias, the crossed-pedicellaria is 
normally arranged in wreaths around the spines. 
However, small animals (R > 22 mm) of the 
Pacific S. heteropaes, S. alexandri and S. 
euplecta, may present the pedicellaria distributed 
in a similar fashion of what was observed in our 
specimens (Fisher 1925, 1928). In contrast, small 
animals of European S. neglecta and S. guernei 
(R = 15 mm and R = 17 mm, respectively) were 
described by Perrier (1891, 1896a) as having 
pedicellaria organized in the typical way, i.e., in 
wraiths around the spines. Furthermore, no 
Atlantic Sclerasterias but S. richardi are known 
to reproduce asexually through fission, including 
S. neglecta and S. guernei, which are known only 
by pentamerous specimens (Downey in Clark in 
Downey 1992). In sum, we do not agree with 
either Fisher (1925, 1928) or Downey (in Clark & 
Downey 1992) in that S. richardi should be 
suppressed. From the available data (e.g., Ludwig 
1897; Falconneti et al. 1976; Mastrototaro & 
Mifsud 2008), there is no evidence that the small 
S. richardi becomes identical to other NE Atlantic 
Sclerasterias (e.g., crossed-pedicellariae arranged 
in wreath around the spines) in larger size classes.     
Furthermore, Falconneti et al. (1976, 1977) and 
Febvre et al. (1981) showed that asexual 
reproduction in S. richardi is not necessarily lost 
in animals capable of reproducing sexually.     
However, we agree that further comparisons 
between S. richardi and other Sclerasterias in the 
Atlantic Ocean and Mediterranean Sea are 
needed, particularly with material of S. neglecta 
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and S. guernei of similar size classes. 
    The specimens herein documented were 
collected offshore Vila Franca do Campo, where 
both a marina and a port have been implanted. 
However, it is unlikely that these specimens 
represent a human-mediated introduction, 
considering the depth range reported for S. 
richardi (≥ 80 m, Falconetti et al. 1976). On the 
other hand, it is not possible to ascertain if this 
species represents a recent arrival, as the species 
depth range coincides with the least studied 
waters in the Azores, i.e. between the usual 
maximum SCUBA diving depth (<40 m) and the 
minimum depth normally targeted by 
international oceanographic missions (>200 m). 
The paucity of specimens collected, 
notwithstanding the considerable research effort 
in the frame of international workshops organized 
by the Sociedade Afonso Chaves and the 
Department of Biology of the University of the 
Azores (Martins 2009; Martins & Xavier 2014), 
clearly indicates that further sampling is needed 
to answer the open questions on dispersion and 
colonization herein posited. 
    The archipelago is under the influence of the 
Azores Current, part of the North Atlantic 
subtropical gyre (Santos et al. 1995), which 
generates a West to East sea-surface current 
pattern (i.e., from the American to the European 
coasts). Periodical anomalies temporarily 
reversing the usual circulation patterns, could 
function as “windows of opportunity” (sensu 
Ávila et al. 2015) for European or North-African 
shallow-water taxa to reach the Azores (whether 
by larval dispersal or rafting). Alternatively, 
Mediterranean species could potentially use the 
counter-current system to reach the islands, such 
as the Mediterranean water outflow that reaches 
the south-southeast Azorean waters around 800-
1,200 m depth, though the influence of meddies 
(i.e., eddies of Mediterranean provenance) can be 
detected outside this depth range (Pingree & Le 
Cann 1993; Tychensky & Carton 1998; 
Bashmachnikov et al. 2015). 
    Long-lived planktotrophic larvae (>42 days, 
14.5ºC, Falconetti et al. 1977) are adapted for 
long-distance dispersal and may have facilitated 
the arrival of colonizers of this species to the 
Azores from the Mediterranean Sea. Moreover, 
clone propagation through asexual reproduction 
could help to maintain effective numbers in a 
fringe population stranded in a remote 
island/archipelago. The presence of more than 
one madreporite and the unequal size and number 
of arms clearly indicate that these animals were 
reproducing asexually through fission. However, 
we could not ascertain as to the sexual status of 
the specimens, due to the desiccated and partially 
disarticulated state of the material. Falconetti et 
al. (1976) data showed that among the smallest 
sampled size classes (Rmax = 7 mm) some of the 
animals presented no gonads. However the 
minimum size at the first maturity is almost 
unknown. Thus, the possibility that our material 
represents immature animals cannot be 
completely discarded leaving open the option that 
they represent vagrants or elements of an already 
established population in the Azorean islands. 
 
 
ACKNOWLEDGEMENTS 
 
We are grateful to the organizers and participants 
of the 3rd International Workshop of Malacology 
and Marine Biology and for their assistance in the 
field work. We also gratefully acknowledge the 
improving comments by three anonymous 
reviewers. Patrícia Madeira was supported by 
grant SFRH/BD/61146/2009 (FCT - Fundação 
para a Ciência e Tecnologia) of the Portuguese 
government. Sérgio P. Ávila acknowledges his 
IF/00465/2015 research contract funded by FCT. 
This work was also funded by FEDER funds 
through the Operational Programme for 
Competitiveness Factors – COMPETE and by 
National Funds through FCT - Foundation for 
Science and Technology under the 
UID/BIA/50027/2013 and POCI-01-0145-
FEDER-006821. 
REFERENCES 
Ávila, S.P., C. Melo, L. Silva, R. Ramalho, R. Quartau, 
A. Hipólito, R. Cordeiro et al. 2015. A review of 
the MIS 5e highstand deposits from Santa Maria 
Island (Azores, NE Atlantic): palaeobiodiversity, 
palaeoecology and palaeobiogeography. 
Quaternary Science Reviews 114: 126–148. 
 
 
 
 
 
First record of Sclerasterias richardi in the Azores archipelago 
 
  17 
 
Baldelli, C. 1914. Asteroidi, ofiuroidi, crinoidi, 
oloturoidi raccolti nel Mediterraneo dalla RN 
Washington (1881–1882). Archivio Zoologico 
Italiano 7: 81–113. 
Bashmachnikov, I., Â. Nascimento, F. Neves, T. 
Menezes & N.V. Koldunov 2015. Distribution of 
intermediate water masses in the subtropical 
northeast Atlantic. Ocean Science 11: 803–827. 
Borri, M., P. Righini & A. Piras 1990. Fauna 
echinologica dei fondi molli dell'alto Tirreno e note 
sulle biocenosi relative. Atti della Società italiana 
di scienze naturali e del Museo civico di storia 
naturale di Milano 131: 377–410. 
Clark, A.M. & M.E. Downey 1992. Starfishes of the 
Atlantic. Natural History Museum Publications. 
Ed. Chapman & Hall, London. 794 pp. 
Falconetti, C., D. Fredj-Reygrobaliet & G. Fredj 1976. 
Sexualité et fissiparite concomitants chez l’astérie 
Sclerasterias richardi: premières données. Marine 
Biology 34: 247–257. 
Falconetti, C., D. Fredj-Reygrobaliet & G. Fredj 1977. 
Induction de l’émission des gamètes et premiers 
stades du développement larvaire chez l’astérie 
fissipare Sclerasterias richardi. Marine Biology 39: 
171–178. 
Febvre, M., D. Fredj-Reygrobellet & G. Fredj 1981 
Reproduction sexuée d'une astérie fissipare, 
Sclerasterias richardi (Perrier, 1882). International 
Journal of Invertebrate Reproduction and 
Development 13: 193-208. 
Fisher, W.K. 1925. Asexual reproduction in the starfish 
Sclerasterias. The Biological Bulletin 48(3): 171–
175. 
Fisher, W.K. 1928. Asteroidea of the North Pacific and 
adjacent waters. Part 2: Forcipulata (part). Bulletin 
of the United States National Museum 76: 1–245. 
Gallo, V.R. 1933. Un ejemplar joven de Hydrasterias 
richardi (Perrier). Boletín de la Sociedad Española 
de Historia Natural 33: 303–305. 
Gautier-Michaz, M. 1958. Resultats scientifiques des 
campagnes de la Calypso. VII. Etudes sur le seuil 
Siculo-Tunisien. 5. Echinodermes. Annales de 
l'Institut Océanographique 34: 145–155. 
Ludwig, H. 1897. Die Seesterne des Mittelmeeres. 
Fauna und flora des golfes von Neapel 24: 491 pp. 
Mah, C.L. & D.B. Blake 2012. Global Diversity and 
Phylogeny of the Asteroidea (Echinodermata). 
PLoS One 7(4): 1–22. 
Marenzeller, E. 1893. Berichte der Commission für 
Erforschung des ostlichen Mittelmeeres, E. Von. 
Zoologische Ergebnisse. I. Echinodermen, 
gesammelt 1890, 1891, und 1892. Denkschriften 
der Königlichen Akademie der Wissenschaften zu 
München 60: 1–24. 
Marenzeller E. von, 1895. Zoologische Ergebnisse. V. 
Echinodermen, gesammelt 1893, 1894. 
Denkschriften der Königlichen Akademie der 
Wissenschaften zu München 62B: 123–148. 
Martins, A.M.F. (Ed.) 2009. The Marine Fauna and 
Flora of the Azores: Proceedings of the Third 
International Workshop of Malacology and Marine 
Biology, São Miguel, Azores, July 17–28 2006. 
Açoreana supplement 6: 225 pp. 
Martins, A.M.F. & J.R. Xavier (Eds) 2014. 
Proceedings of the Fourth International Workshop 
of Malacology and Marine Biology – SABRINA, 
São Miguel, Azores, July 4–13, 2011. Açoreana 
supplement 10: 173 pp. 
Mastrototaro, F. & C. Mifsud 2008. Some observations 
on the morphology of Sclerasterias richardi a rarely 
encountered Mediterranean Sea star 
(Echinodermata: Asteriidae). Mediterranean 
Marine Science 9(2): 103–109. 
Mifsud, C., M. Taviani & S. Stöhr 2009. Remarks on 
Echinodermata from the South Central 
Mediterranean Sea based upon collections made 
during the MARCOS cruise (10 to 20th April, 
2007). Mediterranean Marine Science 10(2): 63–
71. 
Mladenov P. V., Carson, S. F., & Walker, C. W. 1986. 
Reproductive ecology of an obligately fissiparous 
population of the sea star Stephanasterias albula 
(Stimpson). Journal of Experimental Marine 
Biology and Ecology, 96: 155–175. 
Mladenov, P.V. 1996. Environmental factors 
influencing asexual reproductive processes in 
echinoderms. Oceanologica Acta 19(3–4): 227–
235. 
Milne-Edwards, A. 1882. Rapport sur les travaux de la 
commission chargée par M. Le Ministre de 
l’Instruction Publique d’étudier la faune sous-
marine dans les grandes profondeurs de la 
Méditerranée et de l’océan Atlantique. Archives des 
Missions Scientifiques et Littéraires, troisieme 
serie 9: 1–63. 
Munar, J. 1984. Faunistica de Equinodermos en las 
Islas Baleares. Bolletí de la Societat d'Història 
Natural de les Balears 28: 5–22. 
Perrier, M.E. 1894. Stellérides. Expéditions 
Scientifiques du Travailleur et du Talisman. 
Masson, Paris 1–431. 
Pereira, M. 1997. Checklist of the littoral echinoderms 
of the Azores. Açoreana 8(3): 331–337. 
Pingree, R.D. & B. Le Cann 1993. Structure of a 
meddy (Bobby 92) southeast of the Azores. Deep 
Sea Research Part I 40(10): 2077–2103. 
Pruvot, G. 1897. Essai sur les fonds et la faune de la 
manche occidentale (cotes de Bretagne) comparés a 
ceux du Golf du Lion. Archives de Zoologie 
Expérimentale et Générale 5: 511–617. 
 
 
 
 
 
Madeira et al. 
18 
 
Santarelli, M. 1964. Segnalazione di raecolta di 
Hydrasterias richardi (Perrier, 1882) (Asteroidea, 
Echinod.) nel Golfo di Napoli. Bolletino di 
Zoologia 31(1): 15–18. 
Santos, R.S., S. Hawkins, L.R. Monteiro, , M. Alves & 
E.J. Isidro1995 Marine research and conservation 
in the Azores. Aquatic Conservation: Marine and 
Freshwater Ecosystems 5: 311–354. 
Tortonese, E. 1965. Fauna D’Italia – Echinodermata. 
Edizioni Calderini, Bologna. 422 pp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tychensky, A. & X. Carton 1998. Hydrological and 
dynamical characterization of Meddies in the 
Azores region: A paradigm for baroclinic vortex 
dynamics. Journal of Geophysical Research 
103(C11): 25061–25079. 
Received 17Jul 2017. Accepted 23 Oct 2017. 
Published online 30 Nov 2017. 
 
 
